Purpose Ovarian torsion is a surgical emergency that can be clinically challenging to diagnose. Patients who have received assisted reproductive technologies (ART) are a subset of women with an increased risk for torsion. As the ART population continues to increase, there is a need to delineate risk factors for the development of ovarian torsion in this unique population. A pilot study was performed to determine the proportion of patients with suspected ovarian torsion who have received ART and to identify possible diagnostic biomarkers for ovarian torsion among these patients. Methods A single institution retrospective cohort study of patients taken to surgery for suspected ovarian torsion over a 5-year period. Results During the study period, 171 patients were taken to surgery for suspected ovarian torsion. Patients receiving ART constituted 19 (11%) of these patients. Among the 19 fertility treatment patients, 16 had received treatment with gonadotropins, 10 of which had surgically confirmed ovarian torsion. These ten patients had higher preoperative peak estradiol levels (3122 versus 1875 pg/mL, p = 0.05) and a larger ovarian diameter (9.7 versus 7.6 cm, p = 0.05) than the six patients receiving gonadotropins found to not have ovarian torsion. Conclusions These results suggest infertility treatment using gonadotropins for ovarian hyperstimulation may be an independent risk factor for ovarian torsion as suggested by the disproportionate number of such individuals represented in the study population (9% of all patients, 84% of fertility patients). Additionally, among women taking gonadotropins, an association exists between peak estradiol levels, ovarian diameter, and risk for ovarian torsion.
Introduction
Ovarian torsion is a rarely encountered process in the general population, accounting for only 2.7% of gynecologic surgical emergencies [1] . One subset of female patients who have previously been identified as at risk for development of torsion are those undergoing controlled ovarian hyperstimulation with gonadotropins for assisted reproduction. Though the incidence of ovarian torsion is low among patients receiving gonadotropin therapy for egg retrieval (0.13%), the risk of ovarian torsion increases to 0.6% in patients who conceive spontaneously using gonadotropins for ovulation induction and further increases to 7.5% in the setting of ovarian hyperstimulation syndrome (OHSS) diagnosed using the World Health Organization classification system [2] [3] [4] .
For the ART patient population, the increased risk of torsion is thought to be due to iatrogenic enlargement of the ovaries, which can occur during ovarian hyperstimulation, as it has been established that an ovarian cyst >5 cm is an independent predictor of torsion in all female patients presenting to the emergency department with symptoms concerning for torsion [5] [6] [7] . Unfortunately, ovarian torsion remains a surgical diagnosis as the most common symptoms (nausea, vomiting, and abdominal pain) are non-specific, and no sonographic findings have proven definitive [8] [9] [10] [11] . For this reason, women are taken to the operating room for suspected ovarian torsion on clinical suspicion alone; ultimately 53-56% of patients who undergo surgical management are found not to have ovarian torsion [1, 12, 13] . This highlights the importance of developing a diagnostic algorithm for improving the preoperative diagnosis of ovarian torsion. The importance of such an algorithm is further emphasized by the emergent nature of torsion requiring expedient surgical intervention and correction to avoid loss of gonadal function [14, 15] .
As the number of women utilizing controlled ovarian hyperstimulation increases, there is a need to delineate risk factors for the development of ovarian torsion in this unique population [16, 17] . The objective of this study is to define the incidence of recent fertility treatment among women being operated on for presumed ovarian torsion, establish risk factors for ovarian torsion in this population, and provide recommendations to guide decision making for women having recently received fertility treatments presenting with acute abdominal pain.
Methods

Study design
This is a retrospective cohort study of cases selected from a tertiary academic medical center in Boston, MA. Following IRB approval, the operative notes from all gynecologic surgeries performed from 2006 to 2010 at the hospital were reviewed, and those indicating the patient was taken to the operating room for suspicion of ovarian torsion were identified. The medical records for these cases were then reviewed. The decision to proceed with surgical management for presumed ovarian torsion was made by the attending physician taking into account the patient's overall physical exam, laboratory values, and findings on ultrasound with Doppler evaluating ovarian size, location, blood flow, and presence of free fluid in the abdomen.
Variables
Variables of interest including age, gravidity, parity, presenting symptoms, history of fertility treatment, laboratory findings, radiologic findings, and intraoperative diagnosis were abstracted from the patients' electronic medical records, and all patient identifiers were removed.
Patients were categorized as having undergone recent fertility treatment if treatment was received within 30 days of surgery, or if the patient was pregnant as a result of such treatment at the time of surgery. The fertility treatments that were identified included gonadotropin therapy for egg retrieval or ovulation induction, clomiphene citrate therapy, and transfer of IVF donor egg. To assess the effect of ovarian stimulation on torsion, we undertook an analysis of the fertility treatment group who underwent controlled ovarian hyperstimulation and ovulation induction with gonadotropins.
Statistics
Descriptive statistics included medians and intraquartile ranges (IQR). The proportion of patients with surgically confirmed torsion between women receiving fertility treatment and those not receiving fertility treatment was compared using Fisher's exact test. Among women who received fertility treatment, we correlated the incidence of ovarian torsion with peak estradiol levels and ovarian size using the Wilcoxon rank-sum test. All statistical analysis was completed using SAS 9.2 [18] .
Results
During the study period, 171 patients presenting to the emergency department were taken to surgery for suspicion of ovarian torsion. Of these patients, 19 (11%) had received fertility treatment within 30 days of surgery or were pregnant as a result of such treatments. Characteristics of patients undergoing surgery for suspicion of torsion are shown in Table 1 . No statistically significant differences were found between the two groups for symptom duration or whether torsion was confirmed at surgery. Overall, patients taken to surgery for suspicion of torsion were found to have torsion only 58% of the time. We found no difference in incidence of surgically confirmed torsion by fertility treatment history (63% utilized treatment, 58% did not; p value 0.8). The chosen surgical approach was either laparoscopy or abdominal laparotomy in 77.2 and 22.8% of cases, respectively. In the group with confirmed ovarian torsion, 57% received detorsion of the involved ovary and 43% received an oopherectomy. In the group of patients confirmed not to have ovarian torsion, 16% required an oopherectomy for other indications. In the fertility treatment group, all of the patients with confirmed ovarian torsion received detorsion.
Among patients with recent fertility treatment, fourteen had undergone controlled ovarian hyperstimulation with gonadotropins for IVF (74%), two had gonadotropin ovulation induction (11%), two received clomiphene citrate (11%), and one was pregnant after donor egg IVF (5%) ( Table 2 ). Among ART patients surgically diagnosed with ovarian torsion, ultrasound reports were often equivocal (50%). Among the seven fertility treatment patients not found to have torsion at the time of surgery, four had no abnormality on surgical exploration (57%), two had features of ovarian hyperstimulation syndrome (29%), and one had a heterotopic gestation (14%). Of the ART patients with intrauterine pregnancy at the time of surgery, the average gestational age at presentation was 10.1 weeks (2.4-20.3 weeks). Six had live births (66%), two had ongoing pregnancies at last contact (22%), and one was lost to follow up (11%). Of the ART patients who were not pregnant at the time of surgery, the average time from initiation of ART treatment to presentation in the emergency department was 14.4 days (8-20 days).
Among the 16 patients taken to surgery for suspicion of torsion who had received gonadotropins for ovarian stimulation (for IVF or IUI), those surgically diagnosed with ovarian torsion had higher median peak serum estradiol levels (3122 versus 1875 pg/mL, p = 0.05) and larger ovaries by ultrasound measurement (largest median dimension 9.7 versus 7.6 cm, p = 0.05) than patients who were not found to have ovarian torsion (Table 3 ). There were no differences in BMI between the two groups.
Discussion
While it is known that the risk of ovarian torsion is increased in women undergoing controlled ovarian hyperstimulation, data are lacking regarding the prevalence of fertility treatment patients among all women presenting with suspected ovarian torsion [2] [3] [4] 19] . In the present series, fertility treatment patients represented 11% of women undergoing surgical evaluation for suspected ovarian torsion. As the number of patients undergoing infertility treatment continues to increase, it is becoming increasingly important to recognize how this unique population compares to non-ART patients when presenting with signs and symptoms consistent with ovarian torsion.
The clinical diagnosis of ovarian torsion remains challenging. Our analysis revealed that for all-comers being operated on for suspected ovarian torsion, only 58% had a correct preoperative diagnosis, despite the use of ultrasound with Doppler to assist in making a diagnosis. Comparatively, in 1985, Hibbard published that 47% of patients taken to the operating room with presumed ovarian torsion were correctly diagnosed pre-operatively [1] . The persistent inability to definitively diagnose torsion pre-operatively further supports the need for continued efforts to establish tools to improve diagnostic accuracy for this condition.
Efforts have been made to identify laboratory and radiologic values which could improve the diagnostic accuracy for ovarian torsion, but this has proven difficult due to the snapshot of information that one can obtain in the Emergency Department. We recognize that patients receiving fertility treatments are a unique subset in that they have lab values that are closely trended during their treatment to monitor response to therapy. One specific value, estradiol, is followed in women who receive ovulation induction with gonadotropins in order to survey ovarian reserve, determine ovarian response prior to egg retrieval, and to screen for OHSS [20] [21] [22] [23] . Among women who had undergone ovarian stimulation with gonadotropins, we found a significant association with peak estradiol levels and surgical diagnosis of ovarian torsion. This has potential clinical applications when evaluating abdominal pain Table 2 Descriptive statistics for ART patients who were operated on for suspected ovarian torsion in this patient population. Additionally, we compared ovarian size as this is a known risk factor for torsion in the general female population. In this 16 patient case series, we found that fertility patients also follow this trend as the largest median dimension of the ovaries with torsion was more than 2 cm greater in diameter when compared to ovaries without torsion (9.7 versus 7.6 cm).
A novel aspect of this study is the association of torsion with elevated estradiol levels associated with the use of gonadotropins. Of note, typical features of OHSS include hemoconcentration, oliguria, electrolyte imbalances, and abdominal bloating secondary to ascites. For patient undergoing controlled ovarian hyperstimulation, varying degrees of these aforementioned symptoms may occur. Accordingly, one might not anticipate torsion as frequent given the perivascular exudate that suspends the ovaries. The elevated estradiol may be a secondary reflection of the state of ovarian enlargement; larger series will be needed to evaluate if these risk factors are independent.
Being descriptive in nature, this retrospective study has some other limitations. Selection bias may occur when determining which women are offered surgery for a diagnosis of presumed ovarian torsion. We are unable to ensure that all surgeons used consistent and similar criteria for diagnosing ovarian torsion pre-operatively meaning some women with ovarian torsion may have not undergone an operation. Moreover, clinicians might be more or less conservative in surgical management in women undergoing ART due to the financial and physical investments of fertility treatment. Another limitation is the sample size, which is a result of studying a relatively rare diagnosis at a single institution. On the other hand, by limiting data collection to one institution, all lab results and ultrasound reports were determined using similar equipment and technique, decreasing practice variation. Additionally, this ensures that the women in the fertility treatment group were exposed to similar fertility work-up, treatment, and monitoring protocols.
In conclusion, our findings suggest that among women who have undergone ovarian stimulation with gonadotropins and present with possible ovarian torsion, peak estradiol levels and ovarian volume are associated with surgical confirmation of ovarian torsion. Given our small sample size, this warrants further investigation in a larger cohort of women. This would also allow us to better define diagnostic criteria for the immediate surgical intervention for management of suspected ovarian torsion in these patients.
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